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Abstract: This study examines the long term trend of the radiatively active atmospheric aerosols which can influence
the Earth’s energy budget directly by scattering and absorbing radiation and indirectly by acting as cloud condensation
nuclei. MODIS sensor on board the NASA Earth Observing System Terra and Aqua satellite based Aerosol Optical
Depth (AOD) data are used for long term analysis of aerosols over Bongaigaon, Assam for the period August, 2002 to
March, 2017. Highest AOD values are observed in pre-monsoon (March-May) season due to long range transportation
as well as intense biomass burning activities especially as a part of Jhum cultivation. In general, AOD values are low in
post-monsoon (October-November) season which may be due to wash out of aerosols by rain in the preceding months
without enough replacement. The monthly AOD values vary from its highest value 0.949 in April, 2016 to its lowest
value 0.107 in November, 2002 for the study period. From the comparison of MODIS Terra and Aqua AOD at 550 nm,
it is clearly seen that generally Terra AOD at 10:30 hr is higher than the Aqua AOD at 13:30hr. A slowly increasing
trend of both Aqua and Terra AOD at 550 nm is observed over the study location. The observed Ångström exponent
value varies from its minimum value in monsoon season to its maximum value in winter season. With increasing AOD
values, horizontal visibility decreases over Bongaigaon.
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1. Introduction
Atmospheric aerosols influence the Earth’s energy budget directly by scattering and absorbing radiation and
indirectly by acting as cloud condensation nuclei; so they involved in global climate change. Aerosols have direct
radiative effect through scattering and absorption of electromagnetic radiation. The atmospheric aerosols concentrations
and their properties vary widely over the globe in the spatial and temporal field due to their short residence times and
varying distribution of sources. Therefore, the physical and optical properties of aerosols, as well as their impact on the
environment, are not same for different locations. The aerosol particles are characterized by their shape, size, chemical
composition and total concentration, which in turn determine the aerosol optical properties. The impact of aerosols on
the Earth’s climate is determined by the interaction of aerosol particles with radiation which is controlled by the optical
properties of aerosols such as scattering and absorption, Aerosol Optical Depth (AOD), single scattering albedo, phase
function, asymmetry parameter etc.
Several investigations[1–3] have reported that significant transport of Arabian dust to the Indian region leading to an
increase in AOD during pre-monsoon period. There is an increasing trend of aerosols over the Indo-Gangetic Plain (IGP)
region during pre-monsoon and summer monsoon seasons which is mainly attributed to the combined effects of dust
transport and wet deposition of aerosol[4]. Many studies[5–8] have revealed the aerosol environment over Dibrugarh, a
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remote continental location in North-East India on the basis of ground based observations. But such report from single
location is insufficient to characterize total aerosol environment for the whole region. Extensive characterization of
aerosols and their effect is still lacking in North-East India. As such the study which will conduct in different region is
necessary to characterize the aerosols and their climatic impact, may further provide background information on aerosol
environment in the complex terrain of North-East India. The study locations in North-East India due to less
industrialization and low population density is expected to contain minimum aerosols in the atmosphere, but at the same
time its unique topography acts as a sink for the transported aerosols which may sustain in the atmosphere of this
particular region. Therefore this region is different to some extent from the Indian mainland because the region is an
extension of IGP, surrounded by mountains and open only towards west which provides a normal entryway for
transportation of aerosols through the western corridor[5,7,9,10]. The size distribution properties of columnar aerosol and
types of aerosols based on measurements of physical and optical properties of aerosols had been reported earlier over
Dibrugarh of North East India[6,8]. West Asian locations and the IGP are the potential source regions, which contribute to
total aerosol abundance over Dibrugarh mostly in pre-monsoon and winter season as obtained from trajectory clustering
and concentration weighted trajectory analysis[9]. From the ISRO-GBP land campaign conducted across the
Brahmaputra Valley during late winter (February 3-March 2) 2011, it had been reported that western locations (Dhubri,
Bongaigaon etc.) were rich in both particulate matter and Black Carbon (BC) concentration as compared to eastern
locations of Brahmaputra valley which may be attributed to transportation of pollutants from highly populated and
industrialized IGP region of India in addition to local pollution[11]. This study of ISRO-GBP land campaign also
reported that the spatial heterogeneity of aerosol distributions across the Brahmaputra valley are mainly due to the fact
that the Western locations are closer to BoB, the remnants of the winter haze from IGP heading towards BoB also enter
North-East region of India through the corridor which results in higher aerosol loading at the western locations. AOD
exhibits an east-west asymmetry within the North-East region with high values in the western locations (Agartala and
Shillong) compared to the eastern locations (Dibrugarh and Imphal) because locations in the western North-East Indian
region influenced by both natural (sea salt and soil dust) and anthropogenic aerosols produced locally or transported
from IGPs and Bangladesh[12]. The western parts of the North-East region, close to the out ﬂow of IGPs, showed higher
values of Black Carbon concentration as well as absorption coefficient which are mostly associated with fossil fuel
combustion[13]. By using satellite observations, very recently it has been reported that there is a slightly increasing trend
in AOD over seven locations in North-East India for the period July 2002 to December 2013[14]. It has been seen clearly
from the same satellite observations that western locations of Assam experiences higher value of AOD in comparison to
that for eastern locations. There are no any ground based observations of AOD over western sector of Assam which is
not far from highly polluted region, Dhaka. Therefore to study about the effects of aerosol in North-East India, it is
essential to study on aerosol over at least one location in western Assam. The various complex natures of atmospheric
aerosols and their radiative effects over a region make it complicated to model their effects with high confidence.
Climate change, whether driven by natural or anthropogenic forcing, can cause changes in the likelihood of the
occurrence or power of significant weather and climate events or both[15]. It is therefore very important to study the
effects of aerosols over different locations of North-East region of India.
One of the parameter that reﬂect the extent of atmospheric purity is Atmospheric visibility. Measurement of surface
visibility is very important for the management of air quality, human health, as well as transportation. Visibility is
a basically observable indicator of air quality over a region[16]; higher value of visibility usually means good air
quality[17]. Visibility can be reduced by the presence of natural as well as anthropogenic aerosols. Higher value of AOD
indicates higher column of atmospheric aerosol loading and hence lower visibility[18]. There is a good
relationship between remotely sensed AOD and surface visibility at airports across the East Coast of the United
States[19].
The main goal of the present study is to evaluate the long term trends of Aerosol Optical Depth (AOD) and its
effect on regional visibility over Bongaigaon for the period August, 2002 to March, 2017.
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2. Study region, meteorology and database
The proposed study area is Bongaigaon (26.52° N, 90.5° E, 64 amsl) as shown in Figure1. The topography of
Bongaigaon district represents mostly plain lands except a small portion of isolated hills in Bijni sub-division, bordering
Bhutan. The study location is one of the westernmost locations of Brahmaputra Valley of Assam that falls in the corridor
through which pollutants transported from west Asian locations and Indo Gangetic plain (IGP) region to North-East
India. Due to less industrialization and low population density over North-East India, it is expected to contain minimum
aerosols in the atmosphere, but at the same time its unique topography acts as a sink for the transported aerosols which
may sustain in the atmosphere of this particular region. North-East India receives much higher rainfall than the other
regions of India and neighbouring countries.
Figure 1.Map of India showing the study location, Bongaigaon in Assam.
To analyse the meteorological condition over the proposed study location some ground based and satellite data
have been used. Tropical Rainfall Measuring Mission (TRMM) data have been used to study the monthly variation of
rainfall over Bongaigaon for the period January, 2008 to December, 2016. TRMM is a joint space mission between
NASA and the Japan Aerospace Exploration Agency (JAXA) which is used to study tropical rainfall. The monthly
variation of rainfall over the study location is shown in Figure 2. From the 9 year averaged data it is clearly seen that rainfall is
minimum during the period November to February, and then it starts to increase from the month of March, reaches its peak value in
the month of either June or July and after that again starts to decreases towards winter months. The total monthly rainfall for the
study period varies from a minimum value ~0.66 mm/hr to a maximum value ~159/hr mm over Bongaigaon.
Automatic Weather Station (AWS) data have been used to study the monthly variation of temperature and relative
humidity over Bongaigaon for the period January, 2008 to December, 2016 (Figure 2). Relative humidity shows
relatively lower value in dry season compared to the wet season. In general relative humidity starts to increase from
April, exhibits high values in monsoon period, then starts to decrease and in March it is the lowest. Temperature is low
during January month, than it starts to increases and attains a peak in summer months and again decreases towards the
month of December.
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Figure 2.Monthly variation of rainfall, temperature and relative humidity over Bongaigaon for the period January, 2007 to
December, 2016.
MODIS sensor on board the NASA Earth Observing System (EOS) Terra and Aqua satellite based AOD data are
used for the period of Aug, 2002-March, 2017 over Bongaigaon. MODIS is a NASA’s on board twin satellites for
example Terra and Aqua that performs near global daily observations of atmospheric aerosols with 36 spectral channels
covering from the visible region to the thermal infrared region. The daily Level 3 data set of aerosol optical depth at 550
nm and Ångström exponent with quality assured (QA) Collection 6 data has 1°×1° global resolutions[20]. All the
necessary data sets are obtained from the Giovanni web service (http://disc.sci.gsfc.nasa.gov/giovanni), which provides
a very simple way to visualize, examine as well as access enormous amounts of Earth science remote sensing data. For
this study, the monthly mean level-3 collection-6 MODIS AOD data on a 1°×1° latitude-longitude grid data has been
used.
3. Results and discussions
Bongaigaon, western most part of Assam falls in the corridor trough which pollutants transported from highly
polluted and populated IGP region to North-East India. Through Bongaigaon is a less industrialised area, it experiences
a high value of AOD as seen from satellite observations. The monthly variations of AOD at 550 nm over Bongaigaon
for the period Aug, 2002 to March 2017 is shown in Figure3a. The monthly AOD values vary from its highest value
0.949 in April 2016 to its lowest value 0.107 in Nov, 2002 for the study period over Bongaigaon. Also we have
compared the MODIS Terra and Aqua AOD at 550 nm over the study location. From the comparison, it is clearly seen
that generally Terra AOD at 10:30 hr (Terra overpass local time) is higher than the Aqua AOD at 13:30hr (Aqua
overpass local time). From Figure:3a it is clearly seen that there is a slowly increasing trend of both Aqua and Terra
AOD at 550 nm for the study period. The seasonal variation of AOD over the study location is shown in Figure3b (left).
From the figure it can be clearly seen that generally AOD values are low in post-monsoon season which may be due to
wash out of aerosols by rain in the preceding months without enough replacement except for the year 2003, 2005 and
2015 where minimum AOD is observed in December. Highest AOD values are observed in Pre-monsoon season
(generally peak in April) due to long range transportation as well as intense biomass burning activities whereas the same
shows in June month for the year 2003 and 2015. A similar seasonal variation of AOD had been reported earlier over
Dibrugarh[7].
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Figure 3a. Monthly variation of MODIS AOD (Aqua and Terra) at 550 nm over Bongaigaon for the period Aug,
2002 to March 2017.
The seasonal variation of Ångström Exponent is shown in Figure3b (right). The Ångström parameter is usually
used to estimate the size of atmospheric aerosol particles and the relative dominance of fine mode aerosols over the
coarse mode aerosol particles. Ångström exponent values which lying between 1 and 1.5 indicates major contributions
of aerosols from accumulation mode aerosols to the AOD[21]. The observed Ångström exponent value varies from its
minimum value (~1.01) in monsoon to its maximum value (~1.3) in winter season over Bongaigaon. This in fact
indicates that the size of aerosol particles in winter season is smaller than that in monsoon season. Similarly, higher
value of Ångström exponent in winter season compared to the pre-monsoon season with increasing trends of 25.3% per
decade has been reported over Pune, India[22].
Figure 3b. Seasonal variation of MODIS AOD at 550 nm (left) and Angstrom Exponent (right) over Bongaigaon
for the period Aug, 2002 to March 2017.
Using the National Atmospheric and Oceanic Administration Hybrid Single-Particle Lagrangian Integrated
Trajectory (NOAA-HYSPLIT) model[23], 5-day isentropic air mass back concentration weighted trajectories are
computed to find out the probable flow paths and source regions of air flow with time over Bongaigaon. These back
trajectories are mostly calculated from the observed vertical wind and pressure fields. HYSPLIT model is used to find
whether upper levels of air pollution at one location are influenced by transport of air contaminants from another
location. The seasonal mean concentration weighted trajectories for the year 2013 arriving at the study location
Bongaigaon at altitude 500m AGL and 3500 m AGL are shown in Figure 4a and Figure 4b respectively following some
considerations[24]. During pre-monsoon season, there is a distinct difference between the pathways of the air masses at
lower altitude 500m AGL and higher altitude 3500m AGL. At lower altitude trajectories are basically from Bay of
Bengal (BoB) as well as Himalayan region but as the altitude increases the entire trajectories are confined within the
highly polluted IGP region. At 3500m AGL almost all the trajectories are from West Asia, traversing the IGP region for
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the study location. During pre-monsoon season there is a probability of transport of dust aerosols from Sahara and other 
African regions to Dibrugarh at 3600m AGL[8].
Figure 4a. Seasonal representation of 5-days concentration weighted isentropic HYSPLIT back trajectories at 500
mAGL to Bongaigaon.
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Figure 4b. Seasonal representation of 5-days concentration weighted isentropic HYSPLIT back trajectories at
3500 mAGL to Bongaigaon.
During monsoon season, the dominant trajectories at 500m AGL are arising from Arabian Sea and reach the study
location via BoB carrying marine aerosols. Significant numbers of trajectory arise from Himalayan region and reach the
study region at 3500m AGL. In post-monsoon season due to low wind speed, considerable numbers of locally
originating trajectories are observed for the study location at 500m AGL. Air mass trajectories during post-monsoon
season do not show a clear pattern and more than 50% trajectories are local over Dibrugarh[8]. In this season, few
trajectories are arising from North of Afghanistan and Pakistan at all the proposed study region at 3500m AGL. In
winter season at 500 m AGL transportation of air masses through IGP is noticeable with less possibility of
transportation of air masses along the Himalayan region. But at 3500 m AGL almost all the trajectories originates from
densely populated IGP, Pakistan or West Asian region. In the extremely urbanized as well as industrialized IGP region
intense fog as well as haze conditions frequently occur during the winter season[25] and can produce anthropogenic fine
aerosol particles which may be transported over long distances by the air mass trajectories before they settle down due
to gravity[26].
The relationship between AOD and visibility is presented in Figure5. Horizontal visibility is a simply observable
indicator of air quality over a region. A high value of visibility commonly indicates good air quality. A
relationship between visibility (V) and aerosol optical depth has been established[27] to be used for Visible Infrared
Imaging Radiometer Suite (VIIRS) data onboard the National Polar-orbiting Operational Environmental Satellite
System as shown in equation 1. This equation is not valid for AOD≤0.08498. From Figure5 it is clearly seen that
visibility is minimum during pre-monsoon months which may be due to higher values of AOD for the season over the
study location. The monthly average visibility is highest in the month of October, reaching a minimum in the month of
April.
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From the long term trend analysis, it has been observed that highest AOD values are found in pre-monsoon season
due to long range transportation as well as intense biomass burning activities especially as a part of Jhum cultivation. In
general, AOD values are low in post-monsoon season which may be due to wash out of aerosols by rain in the
preceding months without enough replacement. The monthly AOD values vary from its highest value 0.949 in April,
2016 to its lowest value 0.107 in November, 2002 for the study period. From the comparison of MODIS Terra and Aqua
AOD at 550 nm, it is clearly seen that generally Terra AOD at 10:30 hr is higher than the Aqua AOD at 13:30hr. There
is a slowly increasing trend of both Aqua and Terra AOD at 550 nm for the study period over Bongaigaon. The monthly
average horizontal visibility in Bongaigaon is highest (23.36 km) in October with a enough reduction observed during
the monsoon season, reaching its minimum value (6.32 km) in April. Horizontal visibility decreases with increasing
AOD values over Bongaigaon.
Conflict of Interest
No conflict of interest was reported by the author.
Acknowledgments
Author is thankful to Giovanni (https://giovanni.sci.gsfc.nasa.gov/giovanni/) science data team for the data used in
this analysis. The author is also acknowledge the use of data products from the NASA Terra and Aqua satellite missions
Satellite Oceanography and Meteorology Volume 3 Issue 2 | 2018 | 9
and NOAA ARL for the provision of the HYSPLIT transport and dispersion model used in this publication.
References
1. Moorthy KK, Sunilkumar SV, Pillai PS, et al. Wintertime spatial characteristics of boundary layer aerosols over
peninsular India. Journal of Geophysical Research 2005; 110: D08207.
2. Niranjan K, Sreekanth V, Madhavan BL, et al. Aerosol physical properties and Radiative forcing at the outflow
region from the Indo-Gangetic plains during typical clear and hazy periods of wintertime. Geophysical Research
Letters 2007; 34: L19805.
3. Beegum SN, Moorthy KK, Nair VS, et al. Characteristics of spectral aerosol optical depths over India during
ICARB. Journal of Earth System Science 2008; 117: 303-313.
4. Babu SS, Manoj MR, Moorthy KK, et al. Trends in aerosol optical depth over Indian region: Potential causes and
impact indicators. Journal of Geophysical Research: Atmospheres 2013; 118: 11, 794-11, 806.
5. Gogoi MM, Bhuyan PK, Moorthy KK. Estimation of the effect of long-range transport on seasonal variation of
aerosols over north eastern India. Annales Geophysicae 2008; 26: 1365-1377.
6. Gogoi MM, Moorthy KK, Babu SS et al. An investigation of aerosol size distribution properties at Dibrugarh:
north-eastern India. Terrestrial, Atmospheric and Oceanic Sciences 2009; 20: 521-533.
7. Pathak B, Kalita G, Bhuyan K, et al. Aerosol temporal characteristics and its impact on shortwave radiative forcing
at a location in the northeast of India. Journal of Geophysical Research 2010; 115: D19204.
8. Pathak B, Bhuyan PK, Gogoi M, et al. Seasonal heterogeneity in aerosol types over Dibrugarh-North-Eastern India.
Atmospheric Environment 2012; 47: 307-315.
9. Gogoi MM, PathakB, Moorthy KK, et al. Multi-year investigations of near surface and columnar aerosols over
Dibrugarh, North-Eastern location of India: Heterogeneity in source impacts. Atmospheric Environment 2011; 45:
1714-1724.
10. Pathak B, Bhuyan PK, Biswas J, et al. Long term climatology of particulate matter and associated microphysical
and optical properties over Dibrugarh, North–East India and inter-comparison with SPRINTARS simulations.
Atmospheric Environment 2013; 69: 334-344.
11. Pathak B, Borgohain A, Bhuyan PK, et al. Spatial heterogeneity in near surface aerosol characteristics across the
Brahmaputra valley. Journal of Earth System Science 2014; 123: 651-663.
12. Pathak B, Subba T, Dahutia P, et al. Aerosol characteristics in north-east India using ARFINET spectral optical
depth measurements. Atmospheric Environment 2016; 125: 461-473.
13. Gogoi MM, Babu SS, Moorty KK, et al. Radiative effects of absorbing aerosols over northeastern India:
Observations and model simulations. Journal of Geophysical Research: Atmospheres 2017; 122: 1132-1157.
14. Biswas J, Pathak B, Patadia F, et al. Satellite retrieved direct radiative forcing of aerosols over North-East India
and adjoining areas: climatology and impact assessment. International Journal of Climatology 2017; 37(13):
4756-4756.
15. IPCC: Climate Change 2013 - The Physical Science Basis: Working Group I Contribution to the Fifth Assessment
Report of the IPCC, Climate Change 2013. Cambridge University Press, Cambridge, United Kingdom and New
York, NY, USA, 2013.
16. Bäumer D, Vogel B, Versick S, et al. Relationship of visibility, aerosol optical thickness and aerosol size
distribution in an ageing air mass over South-West Germany. Atmospheric. Environment 2008; 42: 989-998.
17. Horvath H. Estimation of the average visibility in central Europe. Atmospheric Environment 1995; 29: 241-246.
18. Wang J, Christopher SA. Inter comparison between satellites derived aerosol optical thickness and PM2.5 mass:
Implications for air quality studies. Geophysical Research Letters 2003; 30 (21): 2095.
19. Kessner AL, Wang J, Levy R, et al. Remote sensing of surface visibility from space: A look at the United States
East Coast. Atmospheric Environment 2013; 81: 136-147.
20. Levy RC, Mattoo S, Munchak LA, et al. The collection 6 MODIS aerosol products over land and ocean.
Atmospheric Measurement Techniques 2013; 6: 989-3034.
21. Beegum N, Moorthy KK, Babu SS. Aerosol microphysics over a tropical coastal station inferred from the spectral
dependence of Angstrom wavelength exponent and inversion of spectral aerosol optical depths. Journal of
Atmospheric and Solar-Terrestrial Physics 2009; 71: 1846-1857.
22. Dani KK, Raj PE, Devara PCS, et al. Long-term trends and variability in measured multi-spectral aerosol optical
depth over a tropical urban station in India. International Journal of Climatology 2010; 32: 153-160.
23. Draxler RR, Rolph GD. HYSPLIT (Hybrid Single–Particle Lagrangian Integrated Trajectory) Model,
http://www.arl.noaa.gov/ready/hysplit4.html, Integrated Trajectory) Model 2003,
http://www.arl.noaa.gov/ready/hysplit4.html, accessed in May 2014.
24. Moorthy KK, Babu SS, Satheesh SK. Aerosol spectral optical depths over the Bay of Bengal: Role of transport.
Geophysical Research Letters 2003; 30(5): 1249.
25. Badarinath KVS, Kharol SK, Latha KM, et al. Multiyear ground-based and satellite observations of aerosol
properties over a tropical urban area in India. Atmospheric Science Letters 2007; 8: 7-13.
26. Kaskaoutis DG, Badarinath KVS, Kharol SK, et al. Variations in the aerosol optical properties and types over the
10 | Jhuma Biswas. Satellite Oceanography and Meteorology
tropical urban site of Hyderabad, India. Journal of Geophysical Research 2009; 114: D22204.
27. Vermote EF, Vibert S, Kilcoyne H, et al. Suspended Matter. Visible/Infrared Imager/Radiometer Suite algorithm
theoretical basis document. SBRS Document # Y2390, Raytheon Systems Company, Information Technology and
Scientific Services 2002, Maryland, 2002.
